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Introduction
At the end of 2015, an estimated 1.8 million [1.5 million-2.0 million] children less than 15 years of age were living with HIV worldwide, 90% in sub-Saharan Africa [1] . More than 90% of those children acquired their infection through mother-to-child transmission (MTCT) [1] . In the absence of ART, an estimated 26% of postnatally-infected and 52% of perinatallyinfected children would die in the first year of HIV infection [2] . Poor immunological, growth, and neurodevelopmental outcomes are common in children who initiate ART at later stages of the disease [3] [4] [5] [6] [7] [8] .
Access to ART has increased substantially in low-and middle-income countries, with the greatest increase occurring in sub-Saharan Africa: from 100,000 people receiving ART in 2003 to 9.1 million in 2013 [1] . Along with this expansion in ART coverage, the World Health Organization (WHO) explicitly recommends ART initiation in i) all HIV infected children 1-10 years old living with HIV at any CD4 cell count or ii) as a priority among all children <2 years old and those with severe or advanced HIV clinical disease (WHO clinical stage 3 or 4) and individuals with CD4% <25% (if <5 years old) or CD4 count 350 cells/mm3 (if !5 years old), or iii) among all children <1 year old living with HIV irrespective of CD4 cell count [9, 10] . The impacts of the recommended changes on improved testing coverage (e.g., PMTCT and identification of exposed infants), better infant diagnosis (e.g., PCR) and more importantly immediate initiation of ART among children in Central Africa has not been documented. Although the proportion of HIV-infected children receiving ART in sub-Saharan Africa lags behind that of adults (23% of children vs. 37% of adults in 2013) [1] , this disparity is even greater in West and Central Africa, where just 13% of HIV-infected children vs. 32% of adults were receiving ART in 2013 [1] .
Only a few published studies have examined temporal trends in the characteristics of children initiating ART in sub-Saharan Africa [11] [12] [13] [14] [15] . Although these studies showed a decline over time in disease severity at ART initiation, a substantial proportion of infants and children were still initiating ART at an advanced disease stage [11] [12] [13] . To improve timely HIV diagnosis and ART initiation, and to reduce morbidity and mortality among HIV-infected children in resource-constrained settings, it is important to understand the characteristics of children enrolling in care and initiating ART and how these have changed over time as provision of prevention of mother-to-child transmission (improved identification of HIV-exposed infants), early infant diagnosis and testing capacity (e.g., DNA PCR) improves, and HIV treatment guidelines expand in Central Africa. Knowledge of these characteristics will facilitate efforts to identify challenges with timely HIV diagnosis and ART initiation. We thus assessed temporal trends in the characteristics of HIV-infected children at enrollment in HIV care (a proxy for time of diagnosis) and at time of ART initiation from 2004 to 2013 in three Central African countries: Burundi, the Democratic Republic of Congo (DRC), and Rwanda.
Materials and Methods

Study setting and participants
We analyzed data on pediatric patients aged 0-15 years from Burundi, the DRC and Rwanda participating in the Central Africa International Epidemiologic Databases to Evaluate AIDS (CA-IeDEA). CA-IeDEA is a multi-country project that collects secondary data from patients receiving HIV care and treatment in the Central African region. The two clinics in the DRC, ten in Rwanda, and three in Burundi that contributed data have been previously described [16] [17] [18] . In each participating clinic, data were collected using standardized clinical paper forms that were regularly entered into electronic databases. HIV infection was generally diagnosed by serological testing in children older than 18 months and by virological testing in children younger than 18 months. Children confirmed as HIV-infected by serological or virological testing who were 0-15 years of age at HIV care enrollment between 2004 and 2013 were included in this analysis.
Variables and statistical analysis
The main variables of interest were CD4 cell count, WHO clinical stage, age, and weight-forage Z score (WAZ). CD4 count, WAZ and WHO clinical stage at enrollment into care were defined as the measurement taken at or closest to (not later than six months before or after) the enrollment date if no measures were taken on the date of enrollment. CD4 cell counts and WAZ at ART initiation were defined as the measurement taken at ART initiation (i.e. not earlier than 6 months before or later than 3 months after Demographic characteristics (age and sex) and HIV-associated characteristics (CD4 count, WHO stage, and WAZ score) at care enrollment and ART initiation were analyzed. Descriptive statistics (numbers and percentages for categorical variables, and median and interquartile range (IQR) for continuous variables) were calculated. Chi-square and Kruskal-Wallis tests were used to examine changes in distributions over the 10-year period.
Ethical approval for the study was granted by the Albert Einstein College of Medicine Institutional Review Board in New York, and by the relevant ethics review boards in Rwanda (National Health Research Committee and National Ethics Committee), Burundi (Comite National d' Ethique) and DRC (Ministère de l'enseignement supérieur et universitaire, Université de Kinshasa École de santé publique). Data for the Central Africa International Epidemiologic Database to Evaluate AIDS (CA-IeDEA) is publicly available upon request as part of the global IeDEA consortium. Table 1 shows characteristics of children when they enrolled into care (n = 3426) and at ART initiation (n = 2058). Overall, from 2004-13, the median age at enrollment was 58.2 months (interquartile range (IQR); 19.8, 102) and 70.3 (IQR; 29.2, 113) at ART initiation. Nearly equal proportions of boys and girls enrolled in care, and initiated ART over the 10-year period.
Results
The median time from enrollment in care to ART initiation for the different age groups are: 1.3 for 0-24 and 25-60 months, 2.1 for 61-84 months, 3.1 for 85-120 months and 2.4 for 121- Characteristics of children at care enrollment by country are shown in Tables 3-5 . In Burundi, the median age decreased from 53. Tables 7-9 depict children's characteristics at ART initiation in each country. In Burundi, the median age was 71.4 months in 2008-09 but remained fairly stable from 2010-13. The proportion of children 24 months of age who initiated ART from 2008-09 to 2012-13 increased from 11% to 16%. In the DRC, the median age remained stable at~75 months between 2004-07 then declined to 40.2 months in 2010-11 before rising to 59.9 months in 2012-13. The proportion of ART initiators 24 months of age increased from 11.5% in 2004-05 to 33% in 2010-11, before dropping to 24% in 2012-13. In Rwanda, the median age at ART initiation declined from 90. each country was noteworthy. Nearly half and slightly more than half of children in Burundi and the DRC, respectively, and nearly one-third of children in Rwanda were classified as stage III or IV. Considerable proportions of children in the three countries were underweight at ART initiation, although these proportions continuously declined from 2004-05-2012-13. Fig 1 depicts the trend in the proportion of children initiated on ART within three months of their enrollment in care. Before 2006, 34% of children were initiated on ART within three Children Living with HIV in Central Africa IeDEA months of their enrollment into care. The proportion increased slightly to 40% in 2006-07 but remained fairly stable from 2008-13 at about one-third of children who enrolled in care. In  Fig 2, we show the median age at enrollment into care in all countries from 2004-05-2012-13. Overall, age at enrollment into care continually declined in all countries until 2010-11. After 2011, age at enrollment increased in Burundi, plateaued in the DRC and continued to decline in Rwanda. As shown in Fig 3, overall median age at ART initiation declined until 2010-2011 Stage IV 14 (8.5) 13 (5.7) 4 (1.9) 20 (7.6) 1 (0.8)
Weight-for-age Z-score(n,%)
Missing Data (Not in P-value) 1 (0.44) 1 (0.47) and then rose slightly in 2012-2013. In Fig 4, we show the median time from enrollment in care to ART initiation among initiators by age group.
Discussion
Early HIV diagnosis, enrollment in care, and ART initiation are critical to halt the rapid progression of HIV disease and reduce mortality in HIV-infected children [21] . Our study proportion of children 24 months of age, with a substantial increase observed in Rwanda and smaller increases in the DRC and Burundi. In Rwanda, for example, this increase reflects expanded access to DNA PCR for early infant diagnosis (EID) and the resulting increase in population coverage of EID from 28% to 72% from 2008-2011 after the country integrated EID with vaccination programs and invested in a robust mobile phone reporting system [22] . It is equally likely that increases in Rwanda reflect the effectiveness of the country's ART program, considered one of the most effective for adults in the world also applies to children due to the availability of resources through PEPFAR, the Global Fund and others.
Along with the increasing proportion of children who were 24 months of age at enrollment, the median CD4 count at entry into care also increased over time from 563 in 2004-05 to 660 cells/μl in 2012-13, with similar increases in median CD4 count at ART initiation (310 in 2004-05 to 589 cells/μl in 2012-13). Further, the median CD4 count for all age groups increased at both enrolment into care and at ART initiation from 2004-05-2012-13 as shown in Tables 2 and 3 . These results suggest that children 0-24 months and those 25-60 months were enrolling in care or initiating ART with higher CD4 cell counts compared with older children who enrolled in care or initiated ART with lower CD4 cell counts.
The likelihood of rapid progression of HIV disease and death among perinatally-infected children, and the evidence that early initiation of ART substantially reduces morbidity and mortality [8] led to the WHO's 2010 recommendation for ART in all children <12 months regardless of CD4 count or clinical stage [9] . Our results show a significant decrease (p = <0.0001) in the median age at both enrollment in care and at ART initiation. Although some progress can be inferred on the basis of the results presented here, for example the falling median age at enrollment and ART initiation, there remains a substantial gap between the proportions of children <24 months who enrolled in care and those who initiated ART. Nonetheless, based on our analysis, we believe that the increase in CD4 count is due to children enrolling at younger ages versus being less sick at enrollment in care.
With regard to the number of children initiating ART, we observed that the number of children initiating ART in our sample is lower than those reported by Tene, et. al. [28] among children in Rwanda. The lower number of children initiating ART in our sample may be due to the selection of the clinics in our sample, which may not adequately represent the general population of pediatric HIV cohort, especially in Rwanda or may in fact reflect the proportion of children who are likely deceased or were lost to follow up and therefore unable to initiate ART. While this lack of representative sample is a limitation of our study, the findings presented are nonetheless critically important to highlight how changing guidelines are impacting on enrollment in care and initiation of ART among pediatric cohort in the sites where we obtained data.
While in-depth analyses are needed to fully understand the reasons for this gap, it is likely due to numerous structural factors, including time between sample collection and return of DNA PCR results, which is done centrally in all countries. Similarly, recent evidence from Zimbabwe showed that the lack of training in pediatric HIV among primary care providers is a strong barrier to successful implementation of comprehensive quality HIV service for children in extremely resource-poor settings like Central Africa [23] The proportion of children without WHO staging data at both enrollment in care and ART initiation declined over time, it is plausible but hard to know how this could have biased our findings and/or in what direction although our focus in reporting the lack of WHO staging data was to highlight the importance of WHO staging in determining at what stage of disease classification children were enrolling in care or initiating ART. We note this as a limitation of the study.
Malnutrition, weight loss and failure to thrive are important clinical features in children presenting with AIDS and have been identified as causes of morbidity and mortality [24, 25] . Consistent with these studies [24] [25] [26] [27] , our median WAZ results suggest that many children in the cohort are either moderately or severely underweight, an indication of advanced disease, especially in the DRC where over half of children who enrolled in care through 2010-11 have a WAZ <-2. Again, this suggests that children who are considerably underweight when they enrolled in care or initiated ART may be presenting with advanced stages of the disease.
To our knowledge, this is the first study in Central Africa that combines data from 3 countries to examine trends in demographic and clinical characteristics of children at HIV care enrollment and at ART initiation. A strength of our analysis is that it included Rwanda, a country with robust data at the forefront of scaling HIV services and high retention rates among pediatric HIV patients [28] , as well as Burundi and the DRC, two countries that consistently lag behind in pediatric HIV treatment and from which there are limited data. It is worth noting the different sample sizes, characteristics and non-representativeness of selected clinics in our sample. The participating clinics in CA-IeDEA countries are not a representative sample of clinics from those countries, and may include those with more technical capacity. In addition, our analyses are purely descriptive and in the absence of any strong evidence, it is difficult to attribute causation or to any other outcomes such as loss to follow up, death and transfers or to state categorically that the changes we observed are in response to policy changes. We have only recently begun to collect data on these outcomes, thus a limitation of our analysis is the inability to explore causal relationships behind the observed trends or directly test the effect of changing guidelines. Nevertheless, it seems highly plausible that the changes we observed may be a response to changes in guidelines even though other factors, such as increased donor funding and health system response to pediatric HIV care may have contributed to the observed changes. It is worth stating that in-depth analyses are needed to identify barriers to timely HIV diagnosis, enrollment into care, and ART initiation among children in the region. This is critical because Central and West Africa have the highest under five mortality worldwide [29] , and further analyses are needed to examine the trends in outcomes (lostto-follow-up, mortality) among HIV-infected children enrolled in care in this region.
Conclusion
The proportion of children 24 months of age or younger at enrollment into HIV care in CA-IeDEA participating clinics has increased since 2004. However, this increase has not fully translated into early initiation of ART. Further analyses are needed to identify barriers to timely initiation of ART among children in HIV care.
